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INTRODUCTION C m u n i c a t i o n w i t h computers and r e l a t e d hardware i s b e n e f i t t i n g imnensely f r o m t h e ongoing r a p i d development o f a f f o r d a b l e graphic d i s p l a y s and upcoming b i d i r e c t i o n a l speech c a p a b i l i t i e s .
I n t h e r u s h t o make every computeruser c m u n i c a t i o n o c c u r through t h e d i s p l a y t e r m i n a l , o t h e r and o f t e n more a p p r o p r i a t e communication r o u t e s should n o t be neglected. Speech communication i s developing r a p i d l y i n c o n c e r t w i t h d i s p l a y developments. We are proposing developments i n t a c t i l e and k i n e s t h e t i c devices t o complete t h e ongoing expansion o f communicat i v e breadth which i s o c c u r r i n g .
Computer sciences s p r i n g f r o m a batch-processing t r ad i t i o n , c h a r a c t e r i z e d b y d e d i c a t i o n t o t h e r a t e (volume per u n i t o f t i m e ) of i n f o r m a t i o n passing through t h e i nt e r f a c e . Usefulness o f t h e i n f o r m a t i o n i s secondary
since queuing up t o make a second pass through t h e batch processor has t r a d i t i o n a l l y been very tedious. The batch processing syndrome appears i n contemporary l i t e r a t u r e on graphics d i s p l a y systems. "The b a s i c reason f o r u s i n g graphics .... i s t h a t i t conveys more i n f o r m a t i o n t o t h e user. The brain.... must apprehend t e x t o r numerals i n a more l a b o r i o u s , one-at-a-time fashion. During t h i s s e r i a l o p e r a t i o n t h e processor o f t h e b r a i n must 'pay a t t e n t i o n ' ; he must 'concentrate1--a smewhat unpleasant sensation. I n c o n t r a s t , looking a t p i c t u r e s seems t o be e f f o r t l e s s and even pleasant '' [ l , p. 491.
Undisguised i n t h i s q u o t a t i o n i s the d e d i c a t i o n t o i n f o rmation volume and t h e a l l u s i o n t o some e q u a l i t y between
u s e f u l and " e f f o r t l e s s and even pleasant". As m i n i and m i c r o c m p u t e r s a r e used t o generate a more i n t i m a t e i nt e r a c t i o n between t h e user and t h e computer, usefulness becomes more important than volume. It has been our experience t h a t i n t e r v a l s o f c o n c e n t r a t i o n and ' p a y i n g att e n t i o n ' c o i n t i d e w i t h u s e f u l r e s u l t s , ' e f f o r t l e s s and even pleasant sensations t y p i c a l l y emerging f r o m dramatic e f f o r t s on t e l e v i s i o n . D i v o r c i n g some o f our ideas from t h e volume t r a d i t i o n opens t h e way t o serious cons i d e r a t i o n s o f low-volume i n f o r m a t i o n t r a n s f e r routest a c t i l e and k i n e s t h e t i c devices.
I n another a r t i c l e covering t h e same conference, Myers r e p o r t s on an i n f o r m a l t a l k by Jack Grimes o f T e k t r o n i x : "How people use i n f o r m a t i o n . .. i s r e l a t e d t o how it gets i n t o t h e i r memories and how they r e t r i e v e it. One way i s h o l i s t i c a l l an a l lat-once i n p u t 1 i ke l o o k i n d i a i n t i n g , p i c t u r e , o r b l o c k diagram. The o t h e r way i s s e r i a l l y , a s e q u e n t i a l i n p u t l i k e reading a book o r a program. The educational system has been l a r g e l y based on t h e s e r i a l approach, and t h a t i s some k i n d o f i n d i c t m e n t o f t h e educational system . . . I 1 [2, p. 461.
Without denying t h e importance o f h o l i s t i c informat i o n p r e s e n t a t i o n s v i a d i s p l a y terminals, a r e c o g n i t i o n of t h e f r e q u e n t appropriateness o f a s e r i a l p r e s e n t a t i o n must be made. One prominent example used throughout one o f Myer's a r t i c l e s [2] i s t h a t o f a word processor. Cons i d e r t h e f o l l o w i n g : THERE I S AT LEAST ONE ONE MISTAKE I N THIS SENTENCE. The one mistake i s l i k e l y t o be overlooked i n a system which would imbed i t i n an e n t i r e page o f t e x t presented t o t h e user i n a h o l i s t i c f l a s h . To f i n d such an e r r o r i s e a s i e r i f t h e "processor o f t h e b r a i n " i s f o r c e d t o view i t " i n a more laborious, one-at-a-time fashion". Unpleasant as c o n c e n t r a t i o n may seem t o t h e viewer, i t i s o f t e n an i n v a l u a b l e a i d t o problem s o l v i n g .
Since t h e Roger Sperry s t u d i e s i n t h e e a r l y 1970's [3], t h e p i c t u r e o f t h e human b r a i n (and perhaps o f o t h e r c r e a t u r e b r a i n s as w e l l ) has become one o f a l e f t hemisphere m o s t l y dedicated t o s e r i a l processing, as occurs n a t u r a l l y from v e r b a l inputs; and a r i g h t hemisphere m o s t l y dedicated t o para1 l e l processing. "The system c o n s i s t s o f hundreds o f successive two-dimensional arrays o f m i l l i o n s o f interconnected p a r a l l e l computers." [l, p. 501, a s i t u a t i o n undoubtedly necessary t o t h e e f f e c t i v e use o f h o l i s t i c v i s u a l presentations. A computer system which c a t e r s t o o e x c l u s i v e l y t o h o l i s t i c p r e s e n t a t i o n s i s i g n o r i n g h a l f t h e computing power a v a i l a b l e from t h e i nt e l l i g e n t p a r t o f t h e system--the user.
Recent developments i n voice comnunication w i t h c o r n p u t e r s [4] and [ 5 ] have begun t o appear r e g u l a r l y i n t h e l i t e r a t u r e . Being sequences o f words, such comnunication p o t e n t i a l l y makes use o f t h e l e f t b r a i n . We propose f u r t h e r expanding o f comnunication by way o f t h e u s e r ' s t a c t i l e and k i n e s t h e t i c i n f o r m a t i o n channels. Such an expansion may l e g i t i m a t e l y be questioned on t h e basis o f i t s value r e l a t i v e t o i t s c o s t and t h e ease w i t h which i t can be used. The inexpensive, dedicated microcomputer c o n t r o l l e r has helped reduce t h e expense and ease o f usi n g such devices. Software p e c u l i a r t o t h e u n i t i s s t o r e d w i t h i n t h e dedicated m i c r o c o n t r o l l e r , not burdeni n g t h e h o s t minicomputer system. The ' b a t c h processing 'syndrome' which we mentioned e a r l i e r tends t o p l a c e t h e user and t h e computer on opp o s i t e sides o f a t a b l e , across which a r e passed comnands and raw data i n one
o s h r i n k . As problems increase i n complexity, we a r e a r r i v i n g a t a j u n c t u r e where not o n l y are s o l u t i o n s t o problems unclear, b u t even t h e d i r e c t i o n t o t a k e t o progr e s s towards a s o l u t i o n i s muddled. For example, i n an i n c r e a s i n g number o f experiments i n t h e nuclear sciences t h e volume o f data accumulated per experiment has i ncreased d r a m a t i c a l l y , and t h e p o t e n t i a l number o f i n t e rc o r r e l a t i o n s among d a t a events has s i m i l a r l y exploded. Data a n a l y s i s i s o f t e n a t r i a l -a n d -e r r o r i n t e r p l a y between computer and user. The a n a l y s i s depends on sequences o f educated guesses and hunches pushed t o t h e i r l o g i c a l conclusions v i a an i n t i m a t e a s s o c i a t i o n w i t h d a t a massaged by an understanding processor and presented t o t h e user i n t h e most e f f e c t i v e and u n c l u t t e r e d way a v a i lable. To operate e f f e c t i v e l y , t h e p a t u r a l b a r r i e r between computer and user must be, as much as i s p r a c t i c a l , dissolved. The computer and user t o g e t h e r become one i n t e g r a t e d problem s o l v i n g u n i t .
The idea o f user and machine o p e r a t i n g w i t h i n an i nt i m a t e symbiosis i s n o t new. L i c k l i d e r [ 6 ] described h i s i d e a o f such a u n i o n 20 years ago, and J e f f e l s ' [ 7 ] des c r i p t i o n continues t h e t r a d i t i o n :
l o . .. t h e machine i s a b o l d and noble e x t e n s i o n of t h e f l e s h : same pulse, same r e s p i r a t i o n , same beat o f t h e blood, same s p i r i t and elan. The v i t a l processes a r e one; t h e y a r e i n e x t r i c a b l y l i n k e d by bonds o f mutual respect and a f f e c t i o n . I n a wondrous symbiosis o f man and metal, t h e two move i n p r e o r d a i n e d rhythmsu.
TACTILE AND KINESTHETIC DEVICES
We have proposed a number o f devices which would appear t o be simple and inexpensive t o implement as w e l l as b e i n g o p e r a t i o n a l l y e f f e c t i v e . THE VOCO SWITCH F i g u r e 1 c o n s i s t s o f a standard t o g g l e ( o r pushbutton) s w i t c h mounted on a t h i n p l a t e d r i v e n through a sealed a i r t u n n e l by a small loudspeaker. Off-the-shelf 2-inch loudspeakers do n o t n o r m a l l y have t h e depth r e q u i r e d t o enclose t h e s w i t c h body so we have proposed + l a c i n g a s h o r t s e c t i o n o f 2-inch diameter p l a s t i c p i p e between t h e speaker frame and t h e s w i t c h mounting p l a t e . T h i s conf i g u r a t i o n can e a s i l y enclose a conventional mechanical switch. P r o x i m i t y switches o r o t h e r s p e c i a l types may be t h i n enough t o make t h e p i p e unnecessary. 
The v o i c e c o i l on t h e speaker i s d r i v e n t o produce v i b r a t i o n o f t h e s w i t c h body. The v i b r a t i o n provides a t a c t i l e s i g n a l t o t h e user as t h e s w i t c h i s touched.
This scheme i s simple and inexpensive although i t prevents mounting adjacent switches c l o s e r than 2 inches. The speaker ( o r a r r a y o f speakers i n a m u l t i p l e -s w i t c h system) can double as an audible-stimulus producer i f d r i v e n a t a s u f f i c i e n t l y h i g h frequency. Our experience i s t h a t d r i v i n g t h e speaker w i t h sharp-edged s i g n a l s produces an a u d i b l e r e s u l t even f o r very low r e p e t i t i o n r a t e s . A low frequency s i g n a l w i t h a slow r i s e and f a l l time (such as a s i n e f u n c t i o n , 10-100 Hz) can be made
However, t h e vocoswitch i s b e t t e r when t h e u n i t i s intended t o double as an audio device. F i g . 2 The a r r a y o f switches i n t h e shaker s w i t c h conf i g u r a t i o n v i b r a t e s n o t i c e a b l y when t h e stepper motor i s d r i v e n so as t o r o t a t e . D r i v e t o t h e shaker s w i t c h a r r a y i s i n h e r e n t l y d i g i ta l whereas t h a t t o t h e voco-switch i s i n h e r e n t l y analog. The shaker s w i t c h i s w e l l adapted t o d r i v i n g l a r g e a r r a y s o f switches b y s e l e c t i n g a stepper motor o f s u f f i c i e n t s i z e t o shake r e l a t i v e l y l a r g e areas o f mounting p l a t f o r m .
KINESTHETIC SWITCHES K i n e s t h e t i c switches ( F i g u r e 3 ) are designed t o v a r ia b l y r e s i s t b e i n g actuated. The r e s i s t a n c e i n each i nstance i s e l e c t r o n i c a l l y v a r i a b l e . Both a r o t a t i o n a l s w i t c h and a l e v e r s w i t c h a r e sketched i n Fig. 3 
. The l e v e r ( o r knob) i s attached d i r e c t l y t o a motor shaft. A p p l i c a t i o n o f c u r r e n t t o t h e motor windings v a r i e s t h e r e s i s t a n c e t o m o t i o n i n each.
Two fundamental types o f mechanical r e s i s t a n c e may be a p p l i e d by t h e use o f t h e a p p r o p r i a t e motor. I f a DC motor were used, t h e s h a f t would r o t a t e when released. Thus, t h e l e v e r s w i t c h would be t h e e q u i v a l e n t o f a s p r i n g -r e t u r n s w i t c h w i t h a variable-constant spring.
The r o t a t i o n a l s w i t c h would be r e q u i r e d t o i n c o r p o r a t e a stop o f some s o r t t o p r e v e n t r e t u r n r o t a t i o n beyond home p o s i t i o n . The stepper-motor d r i v e n switches c o u l d be u t i l i z e d i n l i k e manner t o t h e DC motor d r i v e n switches simply by s u p p l y i n g an a p p r o p r i a t e s e q u e n t i a l p u l s e t r a i n t o t h e windings. I n c i d e n t a l l y , used t h i s way e i t h e r o f these switches has t h e c a p a b i l i t y o f being actuated from t h e c o n t r o l l e r , p o s s i b l y u s e f u l i n d i a g n o s t i c s i t u a t i o n s . The shaker s w i t c h r e q u i r e s a stepping motor d r i v e . S i m i l a r l y , one k i n e s t h e t i c switch v a r i a t i o n c o n t a i n s a stepping motor. The d r i v e r s f o r both steppers can be i d e n t i c a l . A gated low-frequency o s c i l l a t o r d r i v e s a t r a n s l a t o r which produces changing DC l e v e l s t o t h e app r o p r i a t e stepper windings. Whereas i n t h e shaker s w i t c h t h e d i r e c t i o n o f motor r o t a t i o n i s i r r e l e v a n t , i n t h e k i n e s t h e t i c s w i t c h d i r e c t i o n must be c o n t r o l l e d . DC d r i v e t o t h e stepper t r a n s l a t o r need n o t be v a r i a b l e f o r
t h e shaker switch. However, t h e k i n e s t h e t i c e f f e c t s w i l l be p r o p o r t i o n a l t o t h i s l e v e l , which must t h e r e f o r e be v a r i a b l e f o r t h e k i n e s t h e t i c switch. I n f a c t , i f r o t a ti n g t h e k i n e s t h e t i c s w i t c h from the c o n t r o l l e r i s n o t important, a l l t h a t i s r e q u i r e d i s a source o f v a r i a b l e DC t o d r i v e t h e windings, and t h e hot s w i t c h c o n t r o l l e r may then double as t h e k i n e s t h e t i c s w i t c h d r i v e .
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F i g . 3 K i n e s t h e t i c switches are c o n f i g u r e d t o be cont r o l l a b l y r e s i s t i v e t o movement o f t h e s w i t c h knob o r l e v e r by t h e user. I f t h e stepper motor i s DC-driven, i t w i l l not r e t u r n t o home p o s i t i o n when released.
The stepping-motor switches have a p o t e n t i a l advantage over t h e DC motor switches. By a p p l y i n g a v a r i a b l el e v e l DC c u r r e n t t o t h e s t e p p e r ' s windings, i t w i l l become v a r i a b l y r e s i s t a n t t o being r o t a t e d i n e i t h e r d i r e ct i o n . When released, it w i l l n o t a u t o m a t i c a l l y r e t u r n as w i l l t h e DC motor d r i v e n switch. 4 The hot s w i t c h i s d r i v e n by a small h e a t i n g e l ement mounted i n s i d e t h e metal finger-pad which i s s p e c i a l l y b u i l t t o r e p l a c e t h e one which comes w i t h t h e purchased switch. To make assembly e a s i e r , t h e pad can be b u i l t as two pieces o f a sandwich i n t o which grooves a r e c u t t o accept t h e h e a t e r . The sandwich i s then b o l t e d t o g e t h e r t o f o r m t h e f i n g e r pad. Fig. 5 S p e c i a l hardware t r a n s l a t e s f r o m microcomputer--generated c o n t r o l s i g n a l s i n t o d r i v e s i g n a l s f o r t h e various devices. Some d r i v e r s can handle more than one device. DRIVERS The h o t s w i t c h c o n t r o l l e r i s a c o n t r o l l e d d i r e c t curr e n t (DC) source. I f i t i s used t o c o n t r o l t h e DC motor d r i v e t o a k i n e s t h e t i c switch, t h e c u r r e n t d i r e c t i o n must be c o n t r o l l a b l e as w e l l as i t s amplitude. It may be p r a c t i c a l t o add t a c t i l e (shaking) e f f e c t s t o k i n e s t h e t i c switches b y r e v e r s i n g t h e c u r r e n t d i r e c t i o n a t an approp r i a t e frequency. These s p e c i a l devices r e q u i r e s p e c i a l d r i v e r s . Some p o s s i b i l i t i e s a r e sketched i n F i g u r e 5. The voco-switch can be d r i v e n from an audio a m p l i f i e r . S i g n a l s s u p p l i e d t o t h e audio a m p l i f i e r come frm a gated low frequency s i n e wave source when i t i s desired t o produce o n l y a t a c t i l e e f f e c t . The s i n e wave must be switched on a t t h e zero c r o s s i n g t o prevent an a u d i b l e c l i c k . I f i t i s d e s i r a b l e t o produce a u d i b l e s i g n a l s simultaneously, an o s c i l l a t o r producing waves w i t h f a s t r i s e and/or f a l l times may be gated i n t o t h e audio a m p l i f i e r . An a l t e r n at i v e i s simply t o r a i s e t h e frequency o f t h e s i n e wave o s c i l l a t o r . T a c t i l e e f f e c t s may disappear a t h i g h e r f r equencies, however.
THE HOT SWITCH F i g u r e 4 has h e a t i n g elements mounted i n a s p e c i a l l y c o n s t r u c t e d s w i t c h a c t u a t i n g pad. By a p p l y i n g c u r r e n t , t h e c o n t r o l l e r can h e a t t h e s w i t c h handle enough t o be e a s i l y n o t i c e d by t h e user.
HOLES DRILLED INTO METAL SWITCH PAD TO
The c o n t r o l requirements f o r s p e c i a l t a c t i l e and k i ne s t h e t i c e f f e c t s added t o switches are modest per switch--f i v e c o n t r o l s i g n a l s f o r t h e most e l a b o r a t e k i n e s t h e t i c stepper; one c o n t r o l s i g n a l f o r t h e s i m p l e s t voco-switch.
However, i n large arrays the t o t a l number o f c o n t r o l l i n e s r e q u i r i n g i n d i v i d u a l a t t e n t i o n can become large enough t o require a microcomputer c o n t r o l l e r dedicated t o j u s t t h i s function.
I n p a r t i c u l a r , having the o p t i o n o f changing a switch's t a c t i l e or k i n e s t h e t i c d r i v e as a function o f the closure s t a t e o f i t s contacts requires rapid tight-loop c o n t r o l best done i n a dedicated microcomputer c o n t r o l l e r .
APPLICATIONS
Our avowed o b j e c t i v e i s t o add dimensions, t a c t i l e and k i n e s t h e t i c , t o those already available for usercwnputer communications, mainly visual but perhaps soon t o be audible. The devices we are describing are b i n a r y comnunicators. I n order t o produce completely unambiguous information transfers, they ate best used e i t h e r "switched on" or "switched o f f " , the user being able t o unambiguously detect these two states.
Since we are adding to, r a t h e r than replacing e x i s ting dimensions, our special switches must harmoniously augment audible and v i s u a l communications. They are uniquely able t o do t h i s because they communicate without d i s t r a c t i n g . While watching a c t i v i t y on a computer display, the user may detect by touching switches whether or not they are active. For example, i f the computer i s i n the midst o f a lengthy operation which must be followed by a switch closure, the group of switches may be sign a l l e d active when they are t o be read. I f a sequence of switch operations i s required, guidance may be o f f e r e d by the computer system a t each step simply by v i b r a t i n g o r heating the proper group a t each sequential step. Working w i t h displays, our active switches can signal data conditions which do not appear on the d i s p l a y o r which appear on the d i s p l a y so inconspicuously as not t o be noticed. For example, two large numbers displayed as bars on a bar graph may appear equal. A switch thrown may be programed t o v i b r a t e when such an e q u a l i t y does e x i s t . O r the hot switch can be programed t o get progressively h o t t e r as the numerical difference increases.
The k i n e s t h e t i c switches have a unique p r o p e r t y i n t h e i r abi 1 i t y t o s e l e c t i v e l y produce a spring-return action. I n one o f our data analysis operations, switch closures are powerful functions. I t i s always desirable t o begin the operation w i t h a l l switches i n a home posit i o n . Presently a message i s flashed on the display: "zero sense switches."
This i s o f t e n proceeded by a fumb l i n g through various switching actions i n order t o f i n d the correct i n i t i a l positions. Kinesthetic switches could be i n i t i a l i z e d by the computer. Not t o be overlooked i s the a b i l i t y o f k i n e s t h e t i c switches t o be closed and opened by the computer f o r diagnostic purposes. CONCLUSIONS K i n e s t h e t i c and t a c t i l e dimensions can be added t o computer-user communications using conventional switches i n conjunction w i t h common devices such as stepper motors, loudspeakers and d i r e c t current motors. Conventional electronics, c o n t r o l l e d from a dedicated microcomputer, can be used t o d r i v e the.electromechanica1 devices. The voco-switches may, by being driven w i t h sharp r i s e time or higher frequency signals, double as an audio channel. Shaker switch arrays signal the user by being v i b r a t e d by a stepper motor attached t o the switch mounting plate. Kinesthetic switches may be programmed t o r e s i s t user attempts t o move them. These devices, along w i t h the hot switch, are capable o f s i g n a l l i n g binary conditions t o the user without being d i s t r a c t i n g t o the attentions required by a v i s u a l display. As such they may be used t o improve the intimacy o f i n t e r a c t i o n between the user and the computer. 
